Abstract.-It is shown for the Co-B series that changes in the temperature coefficient of resistivity, a , produced by a few percent of crystals within an amorphous matrix, are of the same order as changes of a with composition which have been reported in the literature, and interpreted in terms of physics of the amorphous state. Such low levels of crystalline fraction may escape notice by the standard methods of x-ray analysis or electron microscopy.
INTRODUCTION.-It is known that certain alloys
can be described by a continuous amorphous phase of can be made t o be completely amorphous only over resistivity pa in which a r e embedded a volume fraction of restricted composition ranges which are fixed partly by crystals f with resistivity pc. The resistivity p of such a composition and partly by the method of preparation /I/. mixed phase system can be calculated and expressed in
The amorphous window is bounded by compositions which simple terms for the cases of isolated spheres /2 / (3D-are highly crystalline as cast but the transition is not three dimensional case) and cyclindrical objects arranged necessarily sharp. In this transition region, a Small in rectangular order /3/ (2D-two dimensional case). The volume fraction of crystals may coexist with an amorresults are phous matrix. The amount may be too small t o be easily
and unambiguously identified by existing techniques and, and thus, may lead t o incorrect analysis of measurements performed on supposedly amorphous alloys. The term "remnantn is meant to define this small and generally undesirable fraction. Similar effects can occur as a result of annealing an amorphous sample. The present study looks into the effect of remnant crystallinity on the electrical resistivity of amorphous Co-B metallic alloys. Both the resistivity and its temperature coefficient are significantly different in the amorphous and crystalline phases of an alloy, so that in a mixed phase system these parameters are a function of the remnant crystalline fraction. It is concluded that a few percent of crystals can cause changes in the temperature coefficient of resistivity which are of the order of changes which have been reported in the literature and interpreted in terms of physics of the amorphous state.
2. RESISTIVITY OF A MIXED PHASE SYSTEM.-The case of remnant crystallinity which is considered here where R = pc/p,. The assumptions made in the derivation of these equations imply that they are valid for low values of f; however it has been shown that they may be applied successfully even for f 70.5 /4/, and it can easily be verified that they have the correct limiting behavior for f = 0 and 1.
Samples of the Co-B alloy system were prepared by rapid quenching from the melt onto a rotating drum /5/.
Four probe resistivity measurements were carried out a t ~5 3 0 0 K using techniques described elswhere /6/. It was found that the composition COB^^ (atomic proportions:
28% B, 72% Co) produced a completely amorphous ribbon.
The weak temperature dependence of resistivity ( Table 11 , and thus it is more difficult t o recognize the effects of remnant crystallinity on a . However, one can do this in an approximate way by comparing the predicted dependence of a on f calculated for CoBZ8 in section 2 with the observed dependence in the CoBx series. This comparison is made in figure 8 ; the agreement is reasonable. Fig. 8 : a vs. f for CoBx. The straight line is the behavior calculated for COB^^; it corresponds t o joining the extreme points in Fig. 3 with a straight line, (the crystal sizes were observed t o be of the order of the ribbon thickness, so that neither the purely 2D or 3D models seem entirely appropriate).
CONCLUSION.-According t o the extended Ziman
theory of resistiyity, changes in a are interpreted in terms of shifts of the Fermi wavevector kF with respect to the structure factor of the amorphous alloy, and the observation of negative temperature coefficients has provided significant support for this interpretation (e.g., see/ll/). The origin of the resistivity minimum a t low temperatures has also aroused considerable interest (e.g., see/7/). It is clear from the present analysis that changes of a with f can be a significant contributor t o the total change in a, and therefore special care must be taken t o linity. In particular, negative temperature coefficients can be transformed to positive ones by the presence of remnant crystals.
